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Abstract: A field experiment was conducted in the 2007, at experimental field of Institute of Field 
and Vegetable Crops, at Rimski Šančevi, Novi Sad, Serbia. Four marigold varieties were object of 
our investigations: Bački Petrovac, Orange King, Plamen and Plamen Plus. The crop was sown at 
four row spacing: 40, 50, 60 and 70 cm (factor B) for all cultivars (factor A). The effect of varieties 
and different row distances on fresh flowers yield and dynamics of yield formation are presented in 
this paper. Also we attend dynamics of number of flowers formation and flowers diameter. 
Fresh flowers yield in average and on each row spacing was the highest by Plamen Plus 
variety (6.739 kgha-1), and was significantly higher than other varieties. The highest yield was 
accomplished at 40 cm distance between rows (6.427 kgha-1). Flowers yield was regularly linear 
decreased (y = -811x+7229; r = -0.95**) with decreasing plant density. Alike formation of flowers 
yield and dynamics of flowers number formation of all varieties had quadratic regression shape. 
 
Introduction 
Pot marigold (Calendula officinalis L.) in Serbia and Vojvodina province has 
been cultivated for many years for ornamental and medical purposes. Its flowers 
usually uses as a source of essential oil and as a natural pigment. The 
pharmacological activity of marigold is related to the content of several classes of 
secondary metabolites, such as essential oils, flavonoids, sterols, carotenoids, 
tannins, saponins, triterpene alcohols, etc. 
Pot marigold is an annual herb native to southern Europe and Mediterranean 
area, that produces orange or yellow flowers (Martin and Deo, 2000). It is 
commonly grown as an ornamental plant throughout the world and is cultivated in 
Southern and Eastern Europe (Cromack et all. 1998). The same authors indicated 
various possibilities of marigold utilization: as an medical plant, in cosmetic 
industry, in natural colour production, Froment et all (2002) refers that the marigold 
is popular also as the oil crop, considering of the high percentage of oil in the seed 
(17 – 20%).  
Marigold production increasing, because of raising requirement of the 
quality raw plant medical material, particularly in developed countries. Like other 
medical plants, crop management of marigold was not study enough. However, 
accomplished results in calendula production in Vojvodina province point out great 
possibilities for successful and profitable cultivation of this crop (Crnobarac et all. 
2007). For those reasons, we choose to research two important cultural practices: 
                                                 
 
 
 
 
 variety choosing and plant density. It was investigated the effects of size and shape 
of vegetative area (row spacing) at two widely spread cultivars in Vojvodina and 
two new cultivars originated from Czech republic. 
The aim of this research was to find the best adapted variety and optimal row 
spacing for growing cultivars, concerning flowers yield, as the most important 
medical row material of marigold.  
 
Material and methods 
A field experiment was conducted in the 2007 at experimental field of 
Institute of Field and Vegetable Crops, at Rimski Šančevi (φ 45°20 N, λ 19°51 Е), 
Novi Sad, Serbia. The experiment was established on calcareous chernozem soil 
type, with good soil properties and followed a crop of sunflower. On autumn 
(during the tillage) was applied 100 kgha-1 NPK nutrients (15:15:15) and in spring 
(before sowing) 100 kgha-1 of Urea (46% N).  
Four marigold cultivars were object of our investigations: „Bački Petrovac“ 
(cultivar made by Institute of Field and Vegetable Crops from Novi Sad), “Orange 
King” (originated from Pančevo, Serbia) and two foreign cultivars –“Plamen” and 
“Plamen Plus” (from Czech Republic). The crop was sown on 13 April, at four row 
spacing: 40, 50, 60 and 70 cm (factor B) for all cultivars (factor A). The trial with 
four replicates was arranged as Split-plot design. Sowing was manually at depth of 
2-3 cm, with two seeds per hill, at 5 cm spacing in the row. In the 3-5 leaves stage 
plants were thinned to final plant distance (10 cm). The crop was hand weeded four 
times during vegetation. Fully opened flowers in the sampling length (two rows x 
5m) were plucked by hand (14 times during vegetation, twice a week, first harvest 
was 25. 06. 2007, and last: 09. 08. 2007), weighed and counted, then dried at 30 °C 
and reweighed. In this paper totals of all harvests are shown. 
The effect of variety and different row distances on fresh flowers yield and 
dynamics of yield formation are presented in this paper. Also we attend dynamics of 
flowers formation as well as flower diameter. Analysis of variance of two-factorial 
split-plot design done by Systat 6.0 statistical package. 
 
 
Results and discussion 
Dynamics of fresh flowers yield formation of all varieties had quadratic 
regression shape, with parameters (equations) shown on figure 1. Calculated 
maximum yield variety Bački Petrovac reaches in sixth harvest, variety Plamen Plus 
in seventh and at Plamen and Orange King in eighth harvest. After achievement 
maximum yield it was decrease to the end of vegetation at all varieties.  
 Dynamics of fresh flowers yield formation
PLAM EN PLUS:  y = -13.493x2  + 190.06x + 34.124
R 2  = 0.6806
Ymax: 703
Xmax: 7.0
BAČKI PETROVAC:  y = -7.458x2  + 95.436x + 144.68
R 2  = 0.5486
Ymax: 450
Xmax: 6.4
PLAM EN:  y = -11.222x2  + 177.47x - 147.14
R 2  = 0.749
Ymax: 555
Xmax: 7.9
ORANGE KING:  y = -9.7296x2  + 154.85x - 140.95
R 2  = 0.7445
Ymax: 475
Xmax: 8.0
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Figure 1. Dynamics of fresh flowers yield formation  
 
Fresh yield of flowers (showed in table 1) in average and on each row 
spacing was the highest on variety Plamen Plus (6.739 kgha-1), and was 
significantly higher than other varieties. Between Bački Petrovac, Orange King and 
Plamen varieties there were no statistically significant differences. Similar results 
obtained by Czech Pot marigold varieties refers Crnobarac et all. (2007a) and 
Jaćimović et all. (2007). 
Table 1 
 Fresh flowers yield (kg/ha) of Pot marigold at different  row spacings 
Row 
spacing 
(cm) 
(B) 
Variety (A) 
Average 
(B) LSD 0.01 0.05 
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40 6016 4865 5695 9132 6427 A 1504 1047 
50 4543 5031 6324 7366 5816 B 1321 985 
60 3622 3344 4443 6013 4356 BxA 2642 1971 
70 3725 4402 4274 4445 4212 AxB 2583 1935 
Average  
(A) 4476 4411 5184 6739 - - 
 
In average for all varieties, the highest yield was accomplished by 40 cm 
between rows (6.427 kg/ha). There were no significant differences between 40 and 
50 and also between 60 and 70 cm, but at 40 and 50 cm were significantly higher 
yield than on 60 and 70 cm row spacing. According to the results of Kišgeci (2002) 
and Dražić (2004), optimal row spacing for pot marigold in our conditions are 40-
50 cm, while Stepanović (1998) and Šilješ et all. (1992) as optimal row spacing 
quote 50-60 cm. According to Martin and Deo (2000) recommended row spacing 
with commercial seed drills is 12 - 25 cm, although wider, 50 cm rows are used for 
 mechanical weed control. Flowers yield was regularly linear decreased (y = -
811x+7229; r = -0.95**) with increasing row distance i.e. decreasing plant density 
(graph 1).  
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 Graph 1. Effect of different row distance on fresh flowers yield 
 
Number of flowers per plant at tested varieties was sampled from 5 m length 
at all variants of inter-row spacing, and showed as totally value for all 14 harvests 
(table 2). The highest flowers number was gained by Bački Petrovac variety – 29 
flowers/plant, which was significantly higher in relation to other cultivars, and the 
lowest by Plamen Plus variety (20 flowers/plant). In average, atmost flowers per 
plant (25) formed at 70 cm row distance; however the difference wasn’t statistically 
significant in compare to other tested inter-row spacings (graph 2). 
Table 2 
Number of flowers per plant (totally for all reapings) 
Inter-row 
spacing 
(cm) 
(B) 
Variety (A) 
Average 
(B) LSD 0.01 0.05 
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40 29 18 19 21 22 A 6 4 
50 28 22 25 21 24 B 6 5 
60 27 19 23 19 22 BxA 12 9 
70 31 23 26 17 25 AxB 12 9 
Average 
(A) 29 21 23 20 - - 
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Graph 2. Number of flowers per plant (totally for all reapings) 
 
Alike formation of flowers yield (showed in figure 1), and dynamics of 
flowers number formation of all varieties had quadratic regression shape, with 
equations shown on figure 2. Calculated maximum number of flowers per plant at 
variety Bački Petrovac reaches rather than other varieties - in seventh harvest, while 
Plamen Plus in eighth and Plamen and Orange King at latest - in ninth harvest. With 
comparing this two figures we may conclude that Bački Petrovac variety at the most 
earlier obtain maximal flowers number and yield, but at lower yield rating in 
relation to other varieties. Against hereat there is variety Plamen plus, with the 
lowest number, but the highest flowers yield.  
Considering that pot marigold beside its medical property is a traditionally 
decorative plant, in this paper work we also decided to examine dimension – 
diameter of flowers (table 3).  Inasmuch as trial included totally 14 harvest times, 
for these analyses we are selected three harvest dates, for whom is supposed that 
will have typically dimensions: sixth (12.07.2007), ninth (23.07.2007) and twelfth 
harvest (02.08.2007).  
The biggest flowers, disregarding to varieties or inter-row spacings, were 
gained at first measuring (12.07.2007) when flowers diameter was 60,5 mm in 
average. Continuous to the end of vegetative period flowers diameter was decreased 
(Y=-7.85+66.6; r=-0.93; graph 3), and in the last measurement (02.08.2007) it was 
only 44,8 mm. 
 B. Petrovac: 
y = -0,0508x2 + 0,7579x + 0,0648
R2 = 0,6072
Ymax=2,89
Xmax=7,46
Orange King: 
y = -0,0439x2 + 0,7682x - 1,0478
R2 = 0,7604
Ymax=2,31
Xmax=8,75
Plamen: 
y = -0,0438x2 + 0,7948x - 1,1365
R2 = 0,7298
Ymax=2,47
Xmax=9,07
Plamen plus: 
y = -0,038x2 + 0,6427x - 0,6622
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Figure 2. Dynamics of flowers number formation 
Table 3 
Flowers diameter (mm) 
Date of  
sampling 
(A) 
Variety 
(B) 
Row distance   
(C) Average Average (A) 40 cm 50 cm 60 cm 70 cm 
12
.
07
.
20
07
 
(6 
ha
rv
es
t) Bački Petrovac 55.4 55.5 57.9 54.4 55.8 
60.5 
Orange King 61.8 61.9 55.8 61.6 60.3 
Plamen 63.8 61.6 57.8 64.0 61.8 
Plamen Plus 61.5 65.2 62.1 67.9 64.2 
Average 60.6 61.0 58.4 62.0 60.5 
23
.
07
.
20
07
 
(9 
ha
rv
es
t) Bački Petrovac 41.6 43.1 44.5 44.0 43.3 
47.4 
Orange King 50.4 46.5 46.0 50.3 48.3 
Plamen 49.7 46.8 44.8 49.2 47.6 
Plamen Plus 48.3 50.0 50.5 52.1 50.2 
Average 47.5 46.6 46.4 48.9 47.4 
02
.
08
.
20
07
 
(12
 
ha
rv
es
t) Bački Petrovac 41.7 42.8 41.0 46.3 42.9 
44.8 
Orange King 45.4 43.8 45.9 46.4 45.4 
Plamen 46.5 44.1 45.9 46.9 45.8 
Plamen Plus 45.6 44.1 43.1 47.0 44.9 
Average 44.8 43.7 44.0 46.7 44.8 
Flowers diameter (mm) depended by variety and row spacing: 
Variety (B) 40 cm 50 cm 60 cm 70 cm Average (B) 
Bački Petrovac 46.2 47.1 47.8 48.3 47.3 
Orange King 52.5 50.7 49.2 52.8 51.3 
Plamen 53.3 50.8 49.5 53.4 51.7 
Plamen Plus 51.8 53.1 51.9 55.7 53.1 
Average (C) 51.0 50.4 49.6 52.5 - 
LSD 0.01:  A: 2.73  LSD 0.05:  A:
 1.80 
   B: 1.72    B: 1.27 
   C: 1.71    C: 1.29 
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Graph 3. Variation of flowers diameter during vegetation 
 
In first and second measures the higher flower diameter had Plamen plus 
variety (64,2 and 50,2 mm), while in third date Plamen and Orange King, 
respectively. The lowest diameter of flowers in all three selected harvest dates was 
measured at Bački Petrovac variety.  
In average flowers diameter at Plamen Plus variety (53,1 mm) was 
significantly higher in relation to other varieties. Orange King and Plamen had very 
similar flower diameter (51,3 and 51,7 mm), significantly higher than Bački 
Petrovac variety.  
The highest flowers diameter (52,5 mm)  was obtained at the lowest plant 
density, i.e. at 70 cm distance between rows, and it was significantly higher in 
compare to other row spacings. 
 
Conclusions 
Fresh yield of flowers in average and on each row spacing was the highest on 
variety Plamen Plus (6.739 kgha-1), and was significantly higher than other 
varieties. 
In average for all varieties, the highest yield was accomplished by 40 cm 
between rows (6.427 kg/ha). 
Flowers yield was regularly linear decreased (y = -811x + 7229; r = -0.95**) 
with increasing row distance i.e. decreasing plant density. 
The highest flowers number was gained by Bački Petrovac variety – 29 
flowers/plant, which was significantly higher in relation to other cultivars. 
Alike formation of flowers yield, and dynamics of flowers number formation 
of all varieties had quadratic regression shape. 
In average, flowers diameter at Plamen Plus variety (53,1 mm) was 
significantly higher in relation to other varieties. 
The highest flowers diameter (52,5 mm)  was obtained at the lowest plant 
density. 
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